Abstract: This work discusses performance analyses of a flywheel energy storage system rotor using ansys. Design of a rotor based on 3D modeling and simulation is presented, the flywheel theory is also studied. A basic static structure and modal analyzes were carried out to evaluate the performance of the model rotor under these condition and the results discussed. Rotor analysis is performed in which a rotor model designed in solid works is imported into the ansys 14.5 environment for the analysis to be performed. The rotor model undergoes various forms of vibrations and deformation analysis using ansys 14.5 software and the results examined and discussed. Increasing rotor rotational speed above its safe critical limits influences the behavior of the natural frequency due to higher gyroscopic and moments of inertia which will eventually results in the non-performance of the rotor thereby causing total deformation to the rotor model during its operational cycle.
Introduction
A flywheel rotor is a component that rotates at a certain high velocity with a corresponding mass that will be required to store energy as it rotates (Genta 1985) . The rotor which is also called the wheel, has been composed, in the past, by iron and other classical materials but new carbon fibers will make the wheel less heavy and with the ability to support much higher speeds. Rotating structure are pivotal components of high speed turbo machines used in modern day industrial machinery ranging from automobiles, high speed jet engines, marine propulsion as well as power station. (Dai et al. 2003 ) these rotating structures are commonly called "Rotors" and generally spin about an axis at high speed. (Bolund. et al. 2007 ). These rotors when made to rotate at high speed develop resonance, (Zhang & Zhao 2004) this is a state at which harmonic loads are excited at their natural frequencies causing these rotors to vibrate excessively (Adams 2001 ). This vibration which usually are of larger amplitudes causes the rotors to bend and twist which leads to permanent failures during its cycle of operation. (Larsonneur 2009 ).
Flywheel Theory
Energy is stored in the rotor as kinetic energy, or specifically, a rotational energy E =
(1) The moment of inertia is a function of its shape and mass, given by equation, dJ = dm
Where x = distance from the rotational axis to the differential mass dmx ; I = mass moment of inertia; and ω = angular velocity.
International Conference on Electromechanical Control Technology and Transportation (ICECTT 2015) Mass moment of inertia is obtained by the mass and geometry of the flywheel. For solid cylindrical disk, I is given as I =
[ / ] (4) Where m = mass and r the radius of the flywheel. Specific energy E k m is obtained by dividing E K by the mass to give
If k E , is multiplied through by the mass density ρ of the flywheel, the energy density is obtained by When analyzing the free vibration of a body there is no involvement of the external force [F] . So, equation (7), becomes (8) is used for a problem having n degrees of freedom. Our model has six degrees of freedom; it has at most six solutions of the fundamental natural frequency (ω). In a model analysis, we are interested in the natural frequencies and the relative shapes of the vibration modes. However, the damping effect can be neglected in the equation (8) which results in equation (9) .
Structural Analysis
(9) Equation (9) is used in during modal analysis system to solve for the natural frequency for the six mode of freedom for the rotor model used in this analysis.
When using a stationery reference frame, the reference analysis system is attributed to the global coordinate system, which is a fixed one. In such analysis system, the gyroscopic moments due to nodal rotations are included in the damping matrix and the equation of motion becomes 
Design Structure
The model was very easy to operate as well as easy to convert from the solidworks13 to ansys 14.5 environment for the purpose of analysis Figure. 1 shows the rotor model designed in solid works 13 imported into ansys 14.5 is shown in Fig. 2 . Finite Element Analysis Ansys 14.5 finite element analysis software was used for the calculation of the static structure analysis and the modal analysis during the course of the rotor model analysis.
To perform this process, a 3D model of the rotor was generated using solid works 2013 and subsequently imported to ANSYS 14.5. The material for the rotor model was chosen, and the force, torque and the boundary conditions were defined and selected.
Modal Analysis
It is very important to analyze the natural frequency of the rotor model to be able to forecast the vibration that occurs in these rotors. Modal analysis are performed in order to be able to predict the magnitudes of these vibrations as well as the structural vibration response of these high speed rotors, such as the natural frequencies and the mode shapes.
The meshing stage of the rotor performed is shown in Fig. 3 and the results of the six-order modal analysis are shown in Fig. 3 to Fig. 8 as well as the line frequency chart is also shown in Fig.  9 . Fig. 7 , and the highest occurring at Fig. 8 at a frequency of 9.4154e-003Hz with an input torque of 600NM, it could be seen that as the speed increases the last three modes degrees begun to experience some sort of natural frequencies with the highest occurring in mode six and at this stage the rotor mode will begin to experience vibration. Modal analysis in ansys software ensures that a forecast on the vibration and the natural frequencies of the model can be predicted. The calculated natural frequencies, the mode shapes, the damped frequency values are often used as a reference point for measurement, after which experimental modal analysis are usually performed for the free-free boundary conditions.
Conclusion
Performance analysis of a flywheel rotor using ansys through simulation has been studied. It has been shown through simulation that that ansys has the capability to handle more complex geometry models from solid works which can directly imported into ansys to be analyzed to give more accurate and definite results.
Figs. 6 to 10 shows that the mode shapes of the rotor increases due to the high centrifugal force which acts on the rotor model as the rotor speed increases thereby increasing the natural frequencies of the of the system which eventually increases the vibration modes of the rotor.
It can be concluded that increasing rotor rotational speed well above its safe critical limits influences the behavior of the natural frequency due to the higher gyroscopic which increases the vibration modes of the rotor model which eventual results in the non-performance hence causing total deformation to the rotor model during its operational cycle. It is therefore recommended that high speed flywheel rotors must be made to operate within the safe speed limit because operating these rotors above the safe critical speed will results in mechanical failures of the rotor components due to the high resulting centrifugal forces which are usually present during this stage of the rotor speed.
